Perforin was purified to homogeneity from the murine cytotoxic T-lymphocyte cell line, CTLL-2 B 1 /6, by minor modifications of published methods [3] . In order to identify the maximum dose of perforin causing no lysis of KS62 cells (non-lethal dose), cells were incubated in Krebs-Hepes buffer with various doses of perforin for 1 0 min at 37°C. Cell lysis was estimated by Trypan Blue uptake. Similarly, to find a non-lethal dose in complement-mediated attack, the cells were optimally sensitized with a rabbit polyclonal antiserum raised to KS62 cells ( 4 T , 30 min) followed by formation of CSh-7 sites on the membranes by incubation with normal human serum depleted o f C8 and CY (3 min, 37°C). Aftcr washing away the serum, C8 was added back in excess followed by limiting amounts o f CY.
Permcabilization of the cells was followed by flow cytomctry (FACS 440; Becton Dickenson). PI was added to cells at 4°C at time zero together with perforin o r CX/CS. Fluorescence-activated cell sorting (FACS) analysis of KS62 cells incubated with non-lethal amounts of perforin in the presence of PI demonstrated that more than 90% became pcrmeablc t o the dye. Increased cell fluorescence was detcctable within 2.5 inin o f pcrforin addition and reached a maximum by 6-7 min. remaining at this level for the duration of the experiment (Fig. I a) .
MAC pcrmeabilization was similarly examined in KS62 cells bearing CSb-7 sites by incubation with CX and C9 in the presence of PI. Increased fluorescence was detectablc in about 10% of cells within 3-4 min of C8/CY addition and the number of PI-positive cells increased slowly t o a plateau at which 40'% o f thc cells were positive by 25 min. The PIpositive cells remained viable (assessed by Trypan Blue exclusion) for at least 24 h after perforin or MAC attack.
Estimates of the life-time of the functional channel formed by non-lethal amounts o f perforin in KS62 cells were performed by incubating cclls with perforin at 37°C. adding PI t o aliquots of cells at intcrvals and measuring PI uptake by FACS. T h e number of cells remaining PI-permeable started to decrease between the first and second minute after perforin addition and when PI was added 3 min after initiating perforin attack. uptakc was minimal. demonstrating that the channel was transient with a half-life o f about YO s (Fig. 16) .
The life-time of the MAC functional channel was also examined by FACS. T h e percentage of cells taking up PI was highest when the dye was added 3-4 min after addition of C8 and CY to KS62 cells bearing CSb-7 sites (25% positive). Addition of PI at later time points revealed a slow decrease in the percentage of fluorescent cells. However, even 80 min after initiating attack 10-14% of the cells were permeable to added dye.
These results demonstrate that both non-lethal perforin and complement attack can cause transient membrane channels on KS62 cells. T h e kinetics of channel formation and removal were, however, very different. Perforin attack rendered > 90% of cells permeable to PI, but the channel was very short-lived (half-life YO s). Non-lethal amounts o f MAC rendered far fewer cells PI-permeable, permeabilization was slower and the channels persisted for longer. T h e reasons for the differences in the kinetics of cell recovery from non-lethal attack by these two pore-forming agents remain to be established. rcalistic proposition. We report diagnostic tests for three alleles using DNA amplified by the polymerase chain rcaction (PCR) 121. The K-casein B-allele is associated with improved cheese production. Renneting and curd formation are faster and the curds are harder with a higher protein content 13, 41. Two point mutations differentiate the B-from thc A-allele. One of these results in the creation of an additional restriction sitc for the enzyme Hiridlll, allowing restriction fragment length polymorphism (RFLP) analysis of genomic DNA. Conventional RFLP analysis is slow and requires relatively large amounts of high-quality DNA. The complete genomic sequence of K-casein is known 151, cnabling the use of thc PCR to develop an easier, more rapid test. Just 100 ng of DNA is required ( 1-2% o f the amount used for RFLP analysis) and this need not be o f high-M,.
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An 874 base-pair fragment of K-cascin DNA around the ilitidlll RFLP sitc was amplified. Since this site lies very near to the end of the coding sequence, it was necessary to have one of the PCR primers complementary to a region of non-coding D N A 3' to the termination codon. Mutations occur at higher frequency in non-coding DNA and any mutaVol. 18 BIOCHEMICAL SOCIETY TRANSACTIONS tion at the primer-binding site could potentially disrupt the priming of DNA synthesis. We have experienced no problems of this nature. Incubation of amplified DNA from the B-allele with an excess of the enzyme Hind111 results in its cleavage into 52 1 and 353 base-pair fragments. The A-allele is unaffected by digestion. Agarose gel electrophoresis of digested fragments allows complete diagnosis of genotype at the K-casein locus, A A homozygotes showing a single band of 874 base-pairs, BB homozygotes two bands of 521 and 353 base-pairs, and AB heterozygotes all three bands.
The presence in milk of the A3 variant of B-casein is correlated with a substantial increase in milk yield [6] ; the A3 allele, however, occurs with a frequency of only about 1%. Consideration of the structure and sequence of the bovine ,%casein gene [ 7 , 8 ] shows that the A' allele does not have an altered restriction map. We have analysed DNA for its presence using allele-specific oligonucleotides. We amplified a 328 base-pair fragment of DNA containing the site of mutation for B-casein A'. Two allele-specific oligonucleotides were designed, one complementary to A3 DNA [5' CCTAAGCA(A/G)AAAGAAAT 3'1 and one complementary to all other B-casein alleles (5' CCTAAGCACA-AAGAAAT 3'). The A3-specific oligonucleotide contained a mixture of two nucleotides at the mutation position since either of these mutations could give rise to the A' protein.
The A3-specific oligonucleotide was end-labelled with '?P and hybridized to dot-blots (about 1 pg) of amplified Bcasein DNA at 37°C. The filters were washed in 2 x SSC (0.3 M-NaCI 0.03 M-trisodium citrate) at 37°C until no further activity was lost. Under these conditions the single mismatch between the A'-specific probe and non-A' amplified DNA is sufficient to prevent binding. Hence the only signal obtained on autoradiography is from DNA amplified from cattle carrying the A3 gene. Hybridization to the non-A7-specific probe under identical conditions results in signal being obtained from all animals except A' homozygotes, none of which have been observed.
We have developed an analogous test for the B-allele of Bcasein for which the mutation is contained in the same amplified fragment of DNA. This variant is not associated with advantageous production parameters but is thought to be tightly linked to the wcasein B variant discussed previously [9] . Our on-going survey of 250 animals clearly supports this observation.
The mutation involves the substitution at the protein level of serine by arginine. In the DNA, the serine codon could be changed either at the first or third position. An oligonucleotide allowing for both possibilities could not be used in a differential hybridization experiment, since one of the species present in the degenerate probe would perfectly match the mutated allele, whereas another would be exactly complementary to the non-mutated allele. No differential binding would then be observed. In cases like this it is necessary to select the most likely position of the mutation so that the mutant-specific and non-mutant-specific oligonucleotides differ at only one base. Degeneracy at this single base is acceptable because the oligonucleotide containing the wrong base at this position will bind neither allele. In this case we selected the wobble base as being the most likely position of mutation, an assumption which proved to be correct. A B-specific oligonucleotide [ 5' TTACTGAAAG(A/ G)CAGAGC 3'1 and a non-B-specific oligonucleotide (5' TTACTGAAAGCCAGAGC 3') allow the identification of this polymorphism on hybridization at 43°C.
These three tests allow rapid analysis of bovine milk protein genotype from small samples of blood or semen. A problem can arise in the use of DNA from blood, since over 90% of bovine twins share a common blood supply for a time after placentation. Stem cells of both genotypes populate the bone marrow of both twins and hence the circulatory systems of the two animals are genetically chimaeric. This renders genotyping of heterozygotes from blood potentially unreliable. The linkage between B-casein I3 and K-casein B is just one of a number between milk proteins. Tight linkage between an advantageous and a non-advantageous gene clearly limits the potential for improving the quality of stock. Despite these potential problems genotyping of cattle at the milk protein loci with a view to selection of desired genotypes offers considerable economic benefits.
